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Reply .To 
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Mark W. Schneider 
Perkins Coie LLP 
1201 Third Avenue, Suite 4800 
Seattle, Washington 98101-3099 

1200 Sixth Avenue 
Seattle, Washington 981 01 

June 13, 2002 

Re: Container Properties/Former Rhone-Poulenc, Inc. Facility 
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I am responding to the letter dated May 6, 2002, that you sent to my colleague, Charlie 
Ordine. As the EPA lawyer assigned to the Rhone-Poulenc Facility RCRA Corrective Action 
matter, and given the subject of your letter, I thought it appropriate that I respond. 

As Charlie has told you, those of us working on the Rhone-Poulenc team were not aware 
that Boeing owns the slip bed of Slip 6. Therefore, we did not realize that notice or access 
should be sought from Boeing prior to conducting our field work in the slip in connection with 
the Rhone-Poulenc matter. As Charlie has indicated, it is EPA's routine practice to seek access 
from private property owners when in the course of its regulatory activity it needs to ~nter onto 
their property. EPA lacks information regarding Boeing's property interest in slip 6, however. 
Thus, EPA is requesting documentation from Boeing clarifying the extent of Boeing's property 
interest in relation to Slip 6. Both a legal description and a map depicting the extent of Boeing's 
property interest, as well as a statement of Boeing's understanding of the extent of its interest 
would help us to ensure that we honor our access policy with respect to Boeing's interest in slip 6 
in the future. Regarding EPA's request for a statement describing Boeing' s understanding of the 
extent of its interest, EPA is seeking to understand specifically those activities that we might 
undertake that would, in Boeing's view, require access from or notice to Boeing. For example, 
the activities in which EPA might engage in Slip 6 might include diving underwater (involving 
either sampling of water or sediment, or simply observations), placing temporary lines and floats 
(to insure diver safety), boating on the water, and walking on the mu_d flats on the Rhone-Poulenc 
side of the slip during low tide. EPA would like to have a full understanding of Boeing's view of 
which of those activities should occasion access from and/or notification to Boeing. 
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We are enclosing the Field Sampling Plan and the EPA Region 10 Dive Plan prepared for 
the April2 and 3, 2002 activities. EPA has not yet prepared a report of its activities .at this time. When a report is prepared, we will forward it to you. __ .-.. 

'Please contact me if you have any questions at (206) 553-8311. We look forward to 
hearing from you. 

Sincerely, .: 

.8/IR-""':-· fnmd 
Enclosures 

cc: Charles Ordine, Esq. 



EPA REGION 10 DIVE PLAN 

From: Bruce Duncan, Divemaster 

Thru: Rob Pedersen, UDO 
To: Jan Hastings,_Oirector, OEA 

K_e.ven McD.ermott, .OEA 

Date of Request: March 26, 2002 

Approval 

Projept: Rho.ne Poulenc (RC_RA) ground water discharge evalu~tion 

·, · : .· D~tes of Dive: Ajlril 2 and 3, 2002 · 
-~ . . . 

Lo~aJion: Lower o.J~~miSh_River, Seattle, WA 

Scientifi.c Object.ives: Support RCRA Program by collecting information on the hydraulic connection between the 
faciJity·and 'he Duwamish RiVer · · · · 

Scientific 'Observations/Data collection: Sh~llow·subtidal- Day 1 ~Tuesday, April·2 · 
·1. Place ~ O~seep~ge meters on ~o 1OOm. transect lines (5 on each line, about 25in apart) in approximately 20 ft · 

· · water d~pth at beginning of a falli~g tide (tide should fall about 1 o ft). Transects will be deployed at right angles to 
each other into the slip and arong the Duwamish. . 
2. After about 1 hour, collect and replace 5 bags; record volume collected, use field equipment to measure DO, 

· pH, conductivity, and copper (free arid total) 
3. After ano.ther hour or so, depending on results frqm step 2, collect ar:-d replace 5 more bctgs and make similar 
measur~merits as in ·step 2. · · ·· · · 
4. In the afternoon, collect and replace ail 1 o bags and leave overnight 

Day·2 -Wednesday, April 3 
· 1. Collect and replace all 1.0 bags and analyze seepage water as described in step 2 for Day 1 . . 
2. Test other sampling devices: push probes; underwater m~nometer (as a fu~ction of bt:~cket insertion depth); 
_mini-piez~meters · 

R~ord: ,o~atiOhs using AquaMap in diver station only mode if the transponders are not lik~ly to 1.1e shielded. 
Othe~e. ~P~_will be used . . · · · 

Dhfer~llected san:apleS and ooservatiOns will be made at the same _time EPA hydrogeologis~ are obtaining push 
· probe.'~~cl"oth~t·~sampl~ of GW in the·intertidai zone.· · · 

Pollution Sources: Co~taminated sediment (expect PCBs~ metals, PAHs, pesticides in low to moderate . 
concentrations·- do not expect any free product). Storrn drains arid CSO during/after storm events. This site has 
high pH (>,1), copper, toluene in wells near the waterway. Dilution within the ground water and within the 

· Duwamish reduce this concern as an exposure to divers. · 

Decontamination Required: Rinse of divers on swim step with clean boat water.· Clean a·ndlor isolate any 
obviously contaminated equipment (e.g., over-gloves, swim fins). Follow-up soaking and cleaning in dive locker, 
as needed. · 

. Potential Hazards: Boat traffic, low visibility, underwater h~zard~. river surface current. 

·Maximum E~p~cted Water Depth: Less than 30ft and ideally between 10 and 29ft. 

Maximum Expected Water Current: Low to moderate at our operational depths near the shoreline. We will be 
· out of the mairi channel but diving pn a falling tide and along transect lines. 

Di:Ving Platform: EPA Monitor. 

Divemaster: Bruce Duncan Divers: Day 1 (Tues April 2): C Schulze, B Duncan, J Goulet, 8 Hill, L Macchio 



Cox'n: Curt Black 
backup: JG may leave ea rly, BD will fill in when he leaves 

Day 2 (Wed April 3): C Schulze, B Duncan, R Pedersen, S Sheldrake 
backup: B Hill 

Tender : divers 
Hydrogeologists (on s hore): Rene Fuentes (shore team leader, may have RCRA personnel as well) 
Others: We may have another person from OEA or RCRA on board to assist with sample processing a nd analysis 

Security lssuesff raffic Lanes- Notify USCG of dive plan/operations: __LYes _ _ No~N/A 
Advanced notification of USCG for dives near sensitive areas (e.g., port facilities, bridges) or in high traffic lanes/ 
areas: Call 24hr. CG Marine Safety Office 206-217-6230. Operations near DOD facilities - contact facility directly. 

Proposed Schedule: Equipment set-up and load the van at 14:00 (2:00pm) on day prior to day1 . Day 1: Meet 
· the EPA Monitor (location tbd) by 09:00. Day 2: Meet Monitor at 9:00am or earlier (tbd) 

TIDAL INFORMATION: Diving on falling tide in 10-20 ft water depth 
2002-04-02 Tue 7:25 PST 10.87 feet High Tide 
2002-04-02 Tue 14:24 PST -1 .05 feet "Low Tide 

2002-04-03 Wed 8:07 PST 9.90 feet High Tide 
2002-04-03 Wed 15:19 PST -0.52 feet Low Tide 

Sour 
EME 
TRA 

l4-02 Tue 04-02 Tue 
2:01 7:25 

Seattle, l·lashin2:ton <2> 
04-02 Tue 04-02 Tue 04-o3 l~ed04-03 l·le d 

14:24 21:57 ·3 :14 8:07 

ATION: local ambulance service - dial 911 . 

04-03 Hed 
15:19 . 

04-03 
23:1 

ce of 
RGENCY 
NSPORT 

Nearest MEDICAL Facility: Virginia Mason Hospital - 206-583-6433 (Chamber phone is 206-583-6543) 
Address : admission is through the Emergency Room ori·SpringStreet at the corner of Terry and Spring streets 
Nearest HYPERBARIC Facility: Virginia Mason, (See note 2 below) - "206-583-6543 
Address: Terry ahd Spring Street, Seattle (admission is through the ·Emergency Room on Spring Street) 

Notes: 

(1) Emergency helicopter transport in ·Puget Sound is available through the U.S. Coast Guard (Channel16 or 
telephone 220-7001 or .. CG in Seattl e). 

(2) Primary Hyperbaric Chamber ·is located at the Virginia Mason Hospital (admission is through the 
Emergency Room on Spring Street at the corner of Terry and Spring streets; E.R. phone 583-6433, Chamber 
phone, 583-6543) . Alternative Hyperbaric Chambers are the U.S. Naval Torpedo Station (Keyport, (206) 396-
252212563 or after hours (206) 396-2551/2553). Although chambers are on site at NOAA, victims of barotrauma 
w ill be transported to Virginia Mason . 

(3) Diver's Alert Network provides 24-hr m edical advice at telephone 1-919-684-8111 , for other business during 
norma l working hours use 1-919-684-2948. 



FIELD Sf\.MPL~q PLAN 

FOR 

Rhone.J>ouienc· Sit~ •• · : ·. : : ·./' .:?: ,';: . , ,;, .. · ~;t· '' · ·: ' •· · .. ·· 
Duwamish River, -TUkWila~ WA·. ·· · · 

. Prepared By US EPA .Region 10 
1200 Sixth Ave._ · 

Seattle, WA 98101 

Date: 04/01/02 
Revision: 3 
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APPROVAL OF FIELD PLAN() ~ · · · · 

.ProjectManag~: Rene'Fueni~ &i ~ afu~ ~f}tjor 
USEP A, Office of Environmental As~essment 

. . . 
Field Sampling : .Rene' Fuentes, Bernie Zavala (OEA, -Hydrogeologists) 

Region 10 Dive Team ·--. · 
Christy Brown, RCRA Proj~t_Manager . 
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1 PROJECT MANAGEMENT 

1.1 Distri~ution Li$t 
Rene' F1:1entes· · 
Bemie.Zav.ala 
Christy Brown. 
Bnice.Dunc~ 

· · . · : ,~~~~ :rrojeCfJt&Sk ~rganization 
... ~~- ,• ;··'"_J..t._hfo~ .......... -·'·· .. <a ...... ,...;.-:-···-· .... ~,..:-::-· .... :., .... _ •• 

Hydrogeologist ·· ·• 
Hydrogeo~ogist 
RCRA Site Project M~ger 
Ecologist/Dive Team coordiilator · 

·· · '· ',:)~.£,~8~-~ 'wfu~t ~o ~the field ~pnient ~4. obbun ~!Iter sampl~·ror field ;~: .. ·"~~~~:-·:.>-~"aDal~iS:.' GoatiS to iest.the equipment and develop/altertbe ;field'vrork as n~ed to 
· .. ··: -~··~·~~ .. :?~:~·.? .. :'·_: :·:."·obiaiii:_t!S~fulfield results, both ln. equipni~t deploym.en~ and in obtaining transition . . . . : : ... ~ . .; .,\~~:· ·: ·.-:: ~~e-~er samples· from 'the subsurface·ofthe inudflaf:S and.from the subsurface · · ·;· .. , ·. ·.-; · · -~- ~_. .. : --~--·Ls~~iR~~ ~ slip. 6. · . _ ·. · · · 

~ 'i'.3~; P.itilii~~.D~finitioiliBackground -
• • • • ...... • :·~ •• * \ • ~ • • 

· · 1.3~ 1 Introduction.. : · . 
1he ·ruw:ne Poulenc facility in Tukwiia, w ~ is Iocat~ along the Duw~sh· River, and has • .-. . b~undaries -with bQth the ·Duwamish River and S~p 6. The site has documented . . . 
contamination of the so~s and ground ~ater, ~ the .pUrpose ofthls sampling is to det~e 
whether ~:vailable tools for sampling the ground water to surface water transition zone can be 
used. to further delineate the migration of ground water ·contaminants to the ~ver.· Some of 
the ~ain- contaminants._documented a~ the ~ite include toluene~ copper,• and high pH ( over·12 
in some areas)~ The sampling will be conducted with .manual field equipment on the shoreline 
(mudflatS during low tides), and with geochemical parameter meters and field ki_ts. In 

. addition, the EPA Region 10 Dive Team will be using seepage meters placed.on the bottom 
.. se4imerits, at-a _depth of about 20 feet of water depth during a falling tide .. . .. 

1.32. Objective and Scope. 
. The objective pfthe EPA sampling is to provide EPA with field ~ests· and data .using these 

field too~s at t]$ facility and in the general Duwamish River ~nvironment. 

_l.4. Projectll'ask Description· 

Sampling along a transect on the mudflat:S between the RhoD:e-Poulenc site ~d the Duwamish 
· River and in s1lb~dal areas in Slip 6 and the Duwamish River. The general location of the. 

proposed sampl~s are·shown in the· a~ached map of the site·. (not in the electronic format). 
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DATE 
April 2 and 3, 2002. 

ACTIVITY 
Sample Collection 
Number of samples Depends on site, but if proposed system works as 

planned, then will try at least one sampling location 
every 50 feet along the mudfl~ area. . 

Completion _of Sample AnalySis 
Subtidal seepage samples estimated as ·2·~ per day 
On the same fiel_d day. 

1.5 Data Qu~ty Objectives (DQOs) and Criteria for Measurement Data 

Obtain transition zone ground water.samples and obtain geocheinlcal parameters to cpinpare 
hetween locatio~ s~pled. Attempt to determine w~e$.er ~s type offiel~ ~uJpment 'Yffi 

.~·work attfiisSite and whether it would be wo#i}.to do niore s·ainJ)iing for lab.ocitofy analysis. 
·. The data will be field·pa.nimeter data (pH, electrical eonductiyity~ b~olved Oxygen, Eh, and · · temperatili-e), and' each parameter will be within the accuracy of.the iDstruinents. The .. ·measUred paralneterS Will be oomp3red to those .at the. other sampling sites along the mudflatS . 

. tninsect and~ the· subtidal seepage meter transect data (EPA. RegioJJ 10 Dive Plan dated March .. 
26, 2002). ·The dive te~ may also attempt tQ obtaiti differential hydraulic head from. mini
piezometers, u8ing a differential manometer, if time ·permlts. · One expeetation is that using 
these field parameters the data _qbtained·wi~ allow interpretation of any discharges which 
have a differei:J.t signature from others nearby, indicating a different quality discharge plume at 
those locations.. One additional mea.S.uiement that will}?e attempted is to do field tests for 
copper with a-field kit. ·n. is unlai.own wheth~ the. sampling systems will work to obtain water 
samples at~ site, or if the copper concentrations 1n these samples will be within the. 
de~ection range of the field kit. · · 

1.6 · Spe~ial Tridning.Requirements/Certification 

None required. 

1.7 Documentation and Records ... 
. . 

Field notes, photographs of area and tools, locations of sampling points with either .a 
. . mea8uring tape to a permanent fixture (pier piling) or with a GPs· (Global Positioning 

Sys,t.em), or, for -the subtidal samples, with the dive team AquaMap systerm for future 
resampling of those locations. 

·. 2 MEAS~MENT/DATA ACQUISITION 

2~1 Sampling ~rocess Design (Experimental Design) . . 
Ne8rsliore samples will be taken using the "MHE Push~ Point Sampling Tool" (see attached 
description and Figure 1 ). Tool is pushed into the subsurface to attempt to access the ground 

·. water within the ground water I surface water transition zone, pump it up. to the surfa?e and do 

.2 
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· field analysis .for selected parameters which may indicate discharge of ground water and different 
water characteristics along _the transect (pH, electrical conductivity, Dissolved Oxygen, Eh, ~d 

· tempera~e ). If po~sib•e to obtain enough water field tests for copper may be done using field 
kits as available. Subtidal samples will be collected using seepage meter~ and_ analyzed for the· 
same parameters. Additional tests of the push-point sampler and field. tests with 
minipiezomet~·may also be field-tested to·~ttempt to obtain additional water s~Ies at 
different depths and to deterriline vertical gradients. 

2.2. Sampling Methods Requireme~ts . . . . . 
Sampling~-be adapted as necessary to obtain water for analysis~ :The basic meth~d ... is as.· . . 
documented- in .. the MHE Push~Pomt Sampling Device operators Manual Ver;i~02 -~ted "S/l3/QO · 
(see general. description attached)~ The seepage m·eter techiUques haveJle~ ad~ted·~ ~ni;tli~: · 
original work ofD~vid Lee and Johri cherry (A Field Ex'ereise on·Gl-oundwater ao~ USb.tg :. 
Seepage Met~ and Mini~Piez9meters, Journal of Geological Education, 1978~ v.27, pp·~ 6~10); . 
and will be followed: with. the folloWing adjus~~ts: Bags will ~ot be partially filled before· 
deployment since nefflow rate8 are riot being measmed (the goals are to detect the hydlaulic. . . · 
connection and_ then to collect a gro~d water sample to _compare the analy.te8. descnoed. above 
with s\111"Qllnding surface and transition zone .water); smaller buckets to make them more 

·_truineuverable by ttie USEP A scuba divers; bags are ftoni a differerent :Qtanufacturer~ 
. . 

2.3 Sample Handling and .Custody-Requirements 
No field s~ples expected to be ·shipped to _laboratory. 

· 2.4 · ADalytical Method Requirements . 
. Field tests· for geochemistry indicator param~ters and copp~r. 

2.5 Quality .Control Requirements 
None other than following field· te~ calibration methods. 

2.6 . · Instrument/Equipment Testing, Inspection, and Maintenance Requiremen~ 
This section does not-apply to this project. These requirements are met by the EPA ·OEA 
MancheSter Lab facilities (per Andy Hess, provider of the instrum~nt~tion) •· • 

2.7 Calibration P.-ocedures and-Frequency 
. .Calib~tio:r:t will be perfo~ed when. appropriate prior to use of field instruments follo~g the 
proced~s found in eqUipment manuals. 

2.8 · .Reports. to Management . 
. A draft report will be prepared to doc~ent the results of this investigation. A final report 
. containing the data, calculations, and conclusions will be prepared. A separate dive report wiii .be 
prepared tha~ briefly _summarizes the sampling results (but focuses.more on the dive· safety issUes. 
and the completion of objectives). 
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. . . · 
A. Field!Exerc~se 9n Gro.undwater . 

Flow Using Se~page 
Meters. and .~ini-plezometers* 

. , !)avid. R. Lee 
Deparlrrient of Earth Sciences and_ 

De.partment of Biology · 
· University of" Water.Joo · 

Waterloi;J;: Ontario N~L 3G 1 

.John A.: .Che_rry 
Department of Earth Sciences 

University of Waterloo . .. · 
Wate.rloo, Ontario· N2L 3G 1 .. ~,-~ 

.... 

. . ~ -~":;:~~~e.:: ~.U;tz::.::) : -· .. -. . . Absfract . . . . 
. : .. ~Bast~;:"i1rtn¢JR1.~~~·9(~tf9$lc~thydrogeology.and the nature ot -the hy_drologic interactions .·.:~;·,: .. ~~b.!~ft~~~p~~J.~r&~.ri#.:~~9.~c~ wa~er ~n.~ ... co~vinclriq\Y,~emon.str~~~~··in the fie~d .· :. :~·::·-~r·u~ipg )fWQ·:·Jn~~P.Ei~l;iY& ~~rid~ ~ily-const~~t~d d~ylces · l_<nown_ as the mmJature · pJe.zometer . : ': · "~~~ari'd·1tliii¥:•mr.a~~iter: ~Titese ·instrUmentS nave 'been · s~ccessfully ·. used · during .. a 

· .. 

. ~·.:::~·~~Y.c;tr:~~lP.!ii~~~\~~~eJ~~i"e Universi~ of .Wa~~~-o and. f:'taY. ~ti&en~a~opted as a~ro.titl.ne · : ..... ':l_;_:~~t~~~~~~~~~~~~g,,;}1~e~~~:and min~~t~te: plemme~ef~ are ln~e~_ed 1n the ~edi.m·ent of .· .... : shjJ(gV(-:an;taul-l.rf"J_a~eJ~ .'$stu$i;les.- or strea~s. Jn a matter of a few taours •. tne ~flVtces ~an· be · .. /··· :·~.~stal~~~a.~~~~~';1!n~'~e~!).ved.: lnfo~atl~~ Oa .tbe ~~rectlon. and ~~t!i .of· grQU0!-1\\!ater .·· :.fl_o~:~~~~f'~~~~~$~Hydf&~W:.-~ond~~v•tv.~n.Jl:e·m~as~:~rec:t U$IQ~.several types of t~sts .. ·;~~P.Je~-~9.,:~~~-~·gfe~.~q~~~~~i~ be coll~ed ~nd_. Yflth fletd·~~.~urements of parameter~ such :A~ . .spec;t~c.:condu~Ql~·:dJssolved .oxygen. p.H. anc;l chloride~ 'comparisons between ~· groqn~~ter .. ~r;~~~~~~~J!~r~quality can be made. Student investiga,~ns ~n-in~lu~e the. _, l~ntJ~~tl~~-~:o~:.gro'!rrF.tW&te~.:.infloYi ,.or ·outftow ~~e~ in· Jak~s •. st.r~a~s1 or. estuaries,· · measuremQnt.'·of.·.the·~spatlal :and temporal ytarations J.n seep~ge flux_~hrough ·bottom . sediments, aml"identiflcatlQn of zones of;aubSurface pdilut~nt migra~on into surface watttrs: · · A d~Y. .. Ot:equJpril~r¢.&prepar-atlon anct a preliminaiy.slte visit are ·prerequlsites:to ·the student .. field actlvlti:Ets: Materials fora ·seepage: meter and a miniature piezonieter·c~n be ~cquirect for . less than·25.tfollars., · :- : · ·. · ·· . · . · Key ·W~fds: .:tclucatlon, hydrogeology. grounawatar ,limnology. hydrology, wa~er quality, contaminant,· ~pag~·. ·field exercise, lake, stream •. estua,Y. . . . · · · · · · . • • 
r 

• .. 

Introduction 
·· This .. P'ip9r ~~ri~~s the Use.ottYio.sim_p'e tt;~penslve · d~vices that. ~r:t,_bJa '.Slt:Jdenls to .me~ur~· the flow of· :9FC!J."'r1-;twater -~nc;f t.o~CilemQ!J•a\t to-: themselve...some qf · t~e. b•lc· principl_ts:Ot:tiyd~e~J~Y· ·A_.~alf-dtW·fteld trip ~Q · ~ 4ballow. b~y .«.lf .. s9r:t.a.ce- ;~et.~n._ .. pr~f~ral51y_ with a· $andy bOttom. ·mak~~·IJ .9Qssib~ fQr stu~e~tS ro~acquire ·. data thpt can serve. u ·iiln ;Jmp~e$ive·.Jn~icatlon of. the· . dyr)amtc ilature ·cit g~oundW.,ter -II~~--in-a .n~tui-al· setting. The methods ar.~ r.apid ilhd:~lr~ ;.and p·rc;,vh;le information that cannot otherwls~ .. ~ ob~l~d.:illl~rt.U-expenstve drilling equlpmenti, .. av.aUabl&~·nt~e~ertise inyolves the ~se 9t" seepage . m~.t~fl· to m.~.as.vre: .groundwater flow rat~s· and. the ~:~s.e Qf. manually-in-tailed. mlniatu:re piezometers to measure t:aydraunc h$~d (groundwat~r potential) and t:-y«;t~uli~ . conductivity •. These methods. have . been used «;turing ·field·· e~periments . in a arQun~~ater · hydrology course af the University of . Waterloo. and .as a means ~f investigating groundwater- · tJ.ow conditions in lakEt- and streambeds. ·The devices are ~lso being used in cur.rent" research prpjects, .including . ~h~sis studies by u~dergraduate and graduate students, . • ·The basic. element~ .of groundwater flow ar.e r~lat~d · through ~he Darcy ·equation, 

. dh . 
Q =A -K. dl. 

·This work was sponsored in part by a research 
· agreement with. Environment Canada. 

6 JOURNAL. OF GEOLOGICAL EDUCATION. 1978. v. 27 

0. I$ the-fJu.x· of.gro~ndwater (volume/unit time), A is"the area through which flow occurs. dh/dl .is tbe hydraulic:. gradi~nt (the change in hydraulic head oyer a distance alqng·the Un~ of flow.·(unill.ess)) and -K is the hydra.ulic contfuctivity of the m~teHal (usually expressed as.cm/s).·· . Hydraulic head is·a measure Qf the .ene·rgy per unit weight ·. ·: of th~:g.-Qundwater. textbOOks·9ti hVdrog~1ogy .~uch as . Todd 11.959), D'aVis· ana. De 'We1sr· (1'966) 4r)Cf Oomenico (1_972) .present m~re c;s~t~lled disc\J~rO.o·s of·the· .Darcy· ·equation and its signllicanca in grouodwater studies. · · . Figure 1 stiows··sc_hemati~·mustrations of groundwater flow near lakes, in lake bottoms •. an.d in stream bottoms. The flow systems are repre~ent~d by isopotentlal lines . . (contt;)ur'"Unes of hydratdic head) and·artpw~ ShQwing·the direction ··of· groufldwatet ti~w. Iii :Jake ·bottoms and streambeds. grouridwate~ f'ow is .upwar~.·downward~ qr horizont&:l but is rarely ~on-existent. The :direc~ioo .and· rate of flow is dependant on· the physiography. texture and stratigraphy of the subsurface materia1~. Locally, the flow· iri streambeds and ·lake bottoms can· va,Y dram~tically. thus prov1ding a ·variety of observational .ConditiQns · within a single st~dy·area·. . . 
-. The two devices described· ·below provide information o~ the; flow net a~d on the flux and velocity of .water moving along:the flow lines at and near the·interface. The -seep.age meter arid the minipiezometer also provid~ a means · of sampling· the water that is either leaving or entering ·the groundwater zone beneath the lake or stream. This can often serve to demonstrate the influence 



.. 

. .. 
Fig. 1. -'Idealized sectlot~s showing. groundwater flo.w near bo~le' of !Surface water. 14.. topographic highs are. recharge zones and the ~apograpttic lows (often occupied· by lakes or· ·streams) a·re dls(:harge zones: a. pattern of· groundwater discharge· Into a. iake ~r ·estQary: c. longitudinal sectlqn of a streambed IndiCating flow lnto.th~ sediment Where the-stteambed is concave~ (A modified from Wir:ater. 1976;.8 modified tr.om Lee.-1977: _c rraodifled fr~m Vau~ 1968) 

of groundwater on surf~ce-water quality. In some .cases it is possible~() demonstrate that pQIIutants are ted to-lakes o.r ~treams·. by .groundwater seqpage .• 

Mlnlaturo Piezometers 
· Piezometers are used 'o measure th~ hydraulic heac;j in geoiQgic . materials that' are saturated. under positive pressure. They . consist of pipes with slotted tips or well points on the end. Piezometers are normally installed in boreholes drilled· by power auger. wash-boring, rotary drill or ·cable-tool equtpment. ·Piezometers insta~led at depths between several met~rs and many tens of· meters beiow ground surface have been used .. routinely by hydrogeologists and soit engineers for· several .decades. The min-iature piezometer (mini-pi.ezometer) is a similar device b':Jl i_s smaller in size and is installed ~an'ually. 

Fig. 2. ...... General features and.method of installation of~ mlnipiezomeJer. A;~sing .. driven.·Jnto the sediment: a. plastic tube ~i.th ~creened tip. lnserte~ in .th~ casing:. c .. plaStic tube is a piezometer '"d indic;ates diffsentlal·head (hfwith·respect to the surface water. 0, ·plaSti9. bag ~ttached tQ the piezometef collects· sedil'(leht-po~ewat~r. !$ee text f~jr details) 

Figure 2 shows the general features and method of ios~allation of the ·mini-pietometer. ·The piezometer ·consists ·of a 0.31 em 10 ti'ansluce~t polyethyle~e tub~ (app(oximately $0.12/m) 'With .a perforated tip wrapped with 0.2 ·.mr:n· ny.ton rri.ssh netting or fiberglass cloth. The netting· pr9tects the tip fr.om influx- of ·sediment. The piezometer Is h1staUed using. a 1.1,cm IDsteel pipe that is driven into tt~e bed by· hammer or vibrator. The· casing pipe is loosely· fitted ·'!'lith 1.4 ~m (S/8 inch) lag bolts at each end. ·When. the steel pipe Is driven to ~he desired depth ~he plastic· tube. Is- inserted and held in place as the pipe .. is pulled out. The botto:m·tag bolt remains in the sediment near the piezometer Up. Raised above the .water level; the translucent tub·e shows the head differential with respect . to the surface water. · · Small· differences In hydraulic ·head relatiw to the suHace wate~ are measured using a manometer that overcomes the -difficulties of observing h~d differences that are slightly above or below the level of the surface water. The principle of. the apparatus is indicated in figure 3A which shows how the difference in head between the. piezo_meter and the surface water may be elev.ated and . measured accurately. The equipment needed to measure this· differential head in mini-piezometers is shown in figure 38. The meter stJck is attached to a rod and installed vertically next to the piezometer. Tne app~ratus - is prepared for use by blowing water out of the tygon tu.be using a rubber suction bulb. The bulb is squeezed and released slowly allowing water to rise to a static level. The 
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levels in the two tubes are· compared. to. be sure no_ bubf;)les of. air ·are ~usin~ different hea_ds in . the two tubes." One -end ~of the tube· Is then attached to the piezome(~r t~be .. and the· ·ottier Is 'eft ·in· ttle overJy.ing water. When the-water levels in the·two·tubes reacli Static · te.vets. · the Aifferentlal .head; Ah·, is read.- on· the .meter . · stick. Tti~·vertlcaa· hydraulic gradient Is 'MI"IA/. where A1 . is .tbe ~~pth·· of .. -the -piezometer screen ~low -the sediment~water h1terfaG·&. · · . To measure- tt.ie hydrautlc conductivity of the sediment adjacent to the piezometer: tip, two ·types· of tests can be co_nducted, a fallir\9: h~ad test and a- constant head test. For the falling. hea·d· :test :the piezorneter tutse -Is extended. vertically above :·the surfa~water level-· and. than fjUed. wi.th. water to :a. ·condition of·· overflow. Th~ ovetflow · cqndltion. is cflsconttn~ed at a .time that·is· ree(;)rded as t initial. The rate at whiCh the water· ·level.· in the tube d.e~Unes i$- .then- record8d. This ·can· b~ facilitated by ta,king $toP-watch reacting$- of ·times ·at whrch the ·water l~v~l pa_sses marked intervals on·,.e·tube. If the hydraulic . conductiVity is verj-high, the tat~ of water-~evel fall Will be . very rapid •. Increased-accuracy can He obtained if the fall distance i~ ·aengthe_ne~ by extending the tube a·couple meters above the ~urfac&-water tevet ot by feeding water to· the piezo_mefer from a .·larger diameter reservOir with · ·ma~ed ·intervals. A constant head -test can be 'performed by placing a ·known volume· .of .-water· in. a plastic ~ag attache.d to ·the submerged· tube •. T-he-hydraulic head In -the submerged bag is the level-of the stream or lake level. The otlan~e-in.vofui'ne·ofwater-ln the' bag over a recorded _time ln~~rval Is :measured. Example- r~sults and calculation . procedures are .s~,~mmarized ·. in .. Table ·1.- The · derivaUon$ of·the equations used in this analysis were ·.first .Presented :by Hvorslev (·1951) and have been summarizecf.by Lambe and Whitman (1969). The cons.; tant he~d· and falling head formulas are based on signifi(fantly different assumptions. Comparison of hydraulic co·nductivities determined by these two methods can be an interesting endeavor. · . Where the hydraulic. gradient Is downward, groundwater from the piezometer can be collected us_ing 
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. ' • ·• ·,, •. • ' ; ;.:•. • . .: '• • ·~ .• "· • • '·.; • -:~... . • •. •L Fig. 4 - Fun sectloii•,viq~ :of--~page -:neter··s~c?.wi.ng proper . placement in. the sediman~·/ -~· 4 ·llter. :0.017 m.·m~:me.mbrane: · . plastic B~ggies. Alligator_;~ag :(~p~n·.erid ~s ii.eat:;~ated)::-8; ·_ .. rubb~r:•band wrap;· C~ 0.64 em i-:tsld.e diam~tef'.: 6 om .longi. poJYethftEme tube_: P. 0.79 em inside "diameter. 4~ em tong • .amber-lat~x tube: F." 15 em X ~? em diam~ter epo~·coate.d .. cylloder (erid-sl!ction of a steel drutn): G, 0~64 em inside diameter, polyethylene tube 10!"9 enough to· ~ach· above the surface water. E;:t, No ... 5~ .one-hole rubber stopper wic.n polyethylene tube. . _. 

a suction bulb or· hand~perate~ vacuum pump connecte~ to-a .bottle. Where tl')e gradient is· upward samples ·can be obtained .by. simply letting water discharge from the piezometer t~b~. Where the gr~~ient is weqk or the material poorly condu<;tlve, the screened· area of :the piezometer tip must..~e hicre~ed. and suction must be. applied to obtain water samples. · · 

See~ge Meters 
.. se~j)~ge flux between ·the groundwater an~ the overlying surface water can be me~sured "ditectly by cover:ing an area o~ s~diment ~i\h.an open-bottqmed container and· then· tne~suring .the. tlm_e and cJ1a·pgt! of water volu·m·e in a bag connected to the container (Lee ·1977) .. Two of these _devlqes. known as seepage meters· (Fig. 4), .can be made .by cutting 15-cm-loog. end-se~t,ons from.a 0.208 m3 (55 g~llo'n) metal dru(n. Seepage ·meters can detect flux as Jow as 0.001 cm3/m2 s (about 0.1 mm/day) if the bag is .left connected icir a 'day or longer. In water over 20 em d~~p; a single tube thrQugh the top of the seepage '·m·eter _ serves. both as· a vent for. any g~s · released from the sediment and as a c;:Qnnection for'the me·asurlng bag. In shallow water an ad~itio_n.afol,.ltlet tube on the side of the seepage meter permits the bag to be submerged as it must ·be to r:naintain the Saf'!le piezometric head i-:t th~ seepage meter and in the surface water. 
In use, the seepage meter is· pushed slowly into the sEldiment and tilted slightly so that the· vent will function properly (Fig. 4). Unless the sediment surface ·is soft or irregular, it is ·often unnecessary to push the seepage meter more -tha.n· 8 em into the sediment to obtair- an adequate seal. The stopper with tube is then twisted into cylinder h~le. Where flow is upward, it is unnecessary to 



· Tabl~ 1. Sample fieJd data and calculations. 

Piezometer observations 
PieZOf!1eter number~ P1 Depth of screen below sediment: 1m 

Gradient 
Ah/j 
.035 
.033 
.036 

Elapsed Volume nme Ah,mm 
35 
33. 

time, min chang~, cm3 -1630 
1650 

36 1739 
1705-1723 

18. +12 ° 

Hydraulic condu~tivity calculation: Assuming a case G screen (Hvorslev 1951), 

. . . K = q In Um.UD)+(1+~ml/.D)2}·5J_ ·. · .. ~. . . 2:-C He .. 
• f • where · 

· .-o = diamet~r. intal<e, sample· (em) l = length •. iritke,. sam pi~ (.em). 
H c= constant piezometric head (em) q =flow· of water (cm3/s) 
t = tlm.e (s) 
m =transformation rati9 •. (Kh/K.,, ).5 assumed to ·equal·1· In·= 2.3 IC?g10• · 

Therefor-e K t.= . 

(12 crn3/1080 s)_ LN [C10 cm/.31 em)+ (1+(10 ~m/.31 cm)2 )·5) 2.,. (10 cm).(3.5 em) 

= 2.1 x 1o-• em/$ 

Se,page Jlleler observations 
Seepage meter number: SM 1 
Depth of water: o.2m . · 

. Sediment type: ·sand and. organic m~tter 

VO!I.~• ElapMd Seepage nmtt . ~nsje, c:ma urne. ml~ nux.IJlfll• 163CH648 +126. · 18 +.450 16$o-1736 +iSS 46 +.496 

. Hydtulc 
condudl~\y, cm/1 

. {3 x 10'3 
1739-1752 . + ·s.s 13 +.465 

Seepage ffux ca.tcutatloo: . 
(vol.ume ch•oge, cm3) 0.0643 ·Q,J,.i.mls = 
(el~psed time, niin) . 

= {1-26) o.o643 . - a· 450 ' . . -. 1Jms "18 ° 
0 

. Hydraulic conductivity calculati.on: From the Darcy equation K = v/S, where " = Darcy velocity . s =hydraulic gradient, Ah/A.t 
K = hydr~ulic conductivity 

1.5 X 10'3 
1.2x10':J. 

Ther-efore .K = 0·450 1J.m/s = 1.3 x 10"3 cm/s .().035 

• The effect of this assumption is small (e.g. if m = 10, K h= 2.7 x 10"4 cmis; if m = 1000, K ,= 3.9 x Hr". cm/s. 

add k · \ a nown volume of water to· the measuring ~ before cc:mnecting it to the seepage meter. . .• . The. Darcy velocity, v, (volume per unit are~ per ur ·tt~e) as. catcula~ed from the relation 0.0643 v + t :! v, wher . V •s th~ volume of wate~ (cm3) ~~t~ring or leaving the ba~ and t •s the ~lapsed trme .(mm): The Darqy velocity'! expressed as micrometers per secood. (1 pm/s ~ ·a.a. em/day). The factor 0.0643 converts· uAifs of .time volum~, and.area cqvered by.~ seepag~ meter (0.255 m~ to equevalent units of ve~oc::aty (J,Un/s) or seepage ·flu> (cm3/m2 ~).The aver~ge ~~.n~a~!!'terstitial velocity is equa to the Dar.cy velpctty dtvrsfEJd by. the ·po·rosity of the sediment~ ~r most Siirid~ sedi~eots, PC:)rositi~· are in the ra~9e of 0.3 to 0.4 (expre$.sed as a fra~tlon): · · · 

Student -~ctlvltles . < . . :·:=: ... , .. . :·. . . . ,, ·, " :· students . fro~. the ·~,~¥.~s~w~4f~~a:t~fio~ use~ these·: ·techn'~ti!.S _-to. ·inve~jJ,!~~:m~;~;i~Y~r~!_9fi:~:· qt ·. Jritium~i ~o~tamm.~~ed ·~ro~o~~JS!;:'~~ ... ~.~·~IJ'!~,:~c:t. stream _in , an exper•~ental w~~~~Ji.~ at ffifJ.: Qh~il!s.· · Ra"~·- ~!Jclear. ·. . ~b~t~n.~~·~"--~~~..:.On~~o~ !T:cr.~~~J~i ... ~~~~~~mper . of ~~~ces .:of eqJ.tb~mer-t r~uired, · this ··exerCise. ··was~-co~bined .. With stream-flow metering .• ~0 the .students ·.~ coul~ rotate from on~· ~ctivity to the oth~c. ·Each .st-udent·: ~nstalled a pie·zom,ter and _a s.eepage _ rri~~r ·and · measured· P.l~_zo~'trlc ... ·tJ.ead .. d'-'ring .. ~epage-.. n,-~asurem~nt· lnt~r.v~ts r.a.r,giog .fr.om · 1:0 to 45 minutes. Be~u~e 'of "the difficulty· of removi.ng. ci.eeper· casings by hand. most students ·ete~ed to ~mpiace their piezometer 0.6 to 1 mAnto ~he •edim~n.t~.' Each· sti:l~ent conduCted: a const~t he.a~ •est to d.eterrj:line·~e hydraulic cofldlictivity of 
0 

ma~eiial near th~ . pl~zometer· screen~ .and . then removed· the:.seepag~ meter ~oU,at .s.ubsequent ·students coulcHnstall the equipment t.~~mselves. · ·. ·. · . The ~tudy sites.m~t the -fol.lowJ~g·.$election criteria:· Wave height less than 0.3 m: 
Cui'I'Qnt speed less than 0.2 mls: Firm san.o·w~~b Vf#rylittle.g@vel and cobble; and· Water ~epth.0.1 to 013 1"0~ . . . Preliminary ~eas~r'Jments we.re made to ·be sure ··the students. could instal' ·the eqJ;Jipment and find .seepage r.at~$ high ~nough. to. comph~te the· exerci~e in ·2 to ~ho.\Jr~. ~oa~:~se ~'ep~ge ra~es are~enerally.liigliest near the .,ho;e. as ·m~s.trated .in fig~n~e . ·1 B, and .trecause · . sh.oreline ar~ilS wer:-Q aqcessible .. by ·wading, students worked within 10 en of the shoreline .• 0 

bata .conec;:ted. by .o.nQ .stvdent and some .sarnpte calculations are S.hQwn Jn T~ble 1; P.ie.zometriC· head and s~epage. rate g~n~rally decreased :with .di~tanoe fro~ the lakeshor4it:. b4l . s~pag.~ rates· were quite var-iable in the · · st(eambed. Curren.t ef.fects·sPtobably· accounted for the . variability of ~plicate se.epage measureme.nts ·in·. the stream: St~eambed h~ter~QgeneitY probably . caused variability ~tween poi.rats. ·No ~ones ·of downward se~page were found in either the· lake or the stream. ·orr~t m·easurem~ots of seepage flux, made by the I students, Showed that groundwater ·flowed into the lake along the northern shore. A· pore-wate~ constituent (In this case tritiated water) indicated that this seepage water is contami.nated by t.ritium, -contain~d in waste wate~s pum.ped into di$posal pits located about 800 m north of the lakeshore. The use of seepage meters and minipiezometers thus enabled the students within a very short time to ·draw conclusions with regard to the occurrence and source of contaminants entering the take. Analysis of water from minio·piezometers in the nearby streambed 
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showed no tritium contamination despite the presence of considerable tritium in the stream itse"lf .. 
The dynamic nature of the groundwater regime was demonstrated in a visibly impressive manner by filling of the measuring bag attached to the seepage.meter. All but .. 2 of 14 piezometers' functioned· properly as indic~ted by raising and-lowering the piezometer tube and watching· the water level fall or rise· to a .static level. and by the constant-head response tests; Failure to obtain respon- · · sive piezorriet~rs was t:~ue to liftfng of the piezometer tubewhile pulling the .casing out of . the sediment and cons.equent loss ~f the nylon-mesh screen. · 

'We anticipate that a similar approach could be -~~d by qthers to teach general principles of hydrogeology. This ·· exercise could be .. included. as· a part of an introductory cb~rse in hy.drogeo.logy~ It could. also. be. used ·i~· hy~rotogy, 'limnology~ geomotptioiO.gy or: ~dlmentOiogy ' courses.·, It could. serve . as ·a · springboard · for studet:at · projects designed .. ~~ determine the Importance ·of Ute · groundwater componentta ihe' water budg,t.of a.lake ~r . pond, to identify contaminant migration· fr:om . ground- . water to surface· water'S,. to study 1he .. effects of s~pag~ · flux on sediment chemi$try; or to study th~ :role of · groundwater in· tiuVial erosion :and deposition. Be~~.Se ~ • . . . . . . • . . I. these topics have only recently·begun·to receive research . attention, this work·offers .an ·opportunitY and· a freshnesS· which Is ~tfractive to Stude~ts. 

Planning the Field Exercise 
&(~dy s~ores of gravel-quarry ponds, lals,es, reservoirs, · and :estuaries are ldjial sites for these exercises·, but the impor:ta~·ce of ·making preliminary . me•surements to idQn~ify suitable sites cannot be . over~mphasi~d. Seepage rates must -~. h!gll · enough so that VQJu~e changes of at feast SO ~m3 can occur in the measu·rlng · bag in 1-2 liours; The sediment should not contain rocks . which· will bend piezometer drive-casings. Strong wave actio·n . and. C·u=rrents Interfere ·with accurate measurements of seep;ige •. althotigh piezometers woul.d . . . 

probably not be .affected adversely. t-Aud bottoms ma) have sufficient. flow to permit flux measurement in hours. · . . 
In estuaries, where tidal =fluctuations. induce ~e1= flux throug~ sedirrtent •. it may be helpful tO consult t~b~es before planning a field exer:cise. At low tide, highest- rates of upwa~ seep~ge and .the stron·c upward ·gradients occur (Lee 1977), and it is. easi~r . install seepage meters at this . uni·e. Estimates .of ·seepage .flux will require measurement through an. en tidal cycle. -~ ~-.. · 

In streams where surface-water ·velocity is low ~ es~cially in sandy areas, these methods can be us successf~IIYi In other ~trea·m ·envirQnments, however. may :be difficult to find suitable ~emonstraUori sitE .Downwar:~ seepage Jn· stre~m~ m~y be induced Whe . permeability~ or. depth of gravel increases in the directic . · .. of ·~~r~a~di_«;)W: .. 6r .. where: .. t~~· Jongit~din"aJ: 'bec;r. profile . conC?J.v.e ·. <Y4~ ~'1.96.8). -~ese· tc:-~t()rs,· het~-::ogene)tY. an curre,nt, m~ke--data from. stre~mbeds more difficult 1 .: tnterptel .. than~c:()mparable data from.quieter waters~· 
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.· 
·. can be iap1d pfocess: . . 

· and stored. teinporarily within the ,Sjrlrlge .Pla~irig tlie:~ple .coUeCtion has ·~n eompletOO. .'the investi~tor can Pt;ocess . . · . . enVii'Ol;lllle~t AS an ·aqded benefit,.it .is possible· ~o ~e ·~e Sample-~~ syri,ng~·fcir o~s~te headspace analysis of VOC•s ~g . a field o<;; ~ :ilifqrmation tbat'be used to· direct an ~ga~on in reaf-ti.me. rt ~e Syring¥ is·}lalf-dispensed and refilled Witli:air, reseaLed and agitated •. the head.Spacidn. the syringe· a~ve a· kriown volume of water can~ ~~~Y analyzed . · ., . _ · · · ·· • I : -Th~ .MiGhi~ Deparizn_~t ofl;:n~onmental Quauty .tMDEci>. uses.~ ~nlirulced vanation of tWs method_ As samples ~being collected; some of the .P<;>re-Water is immediately dispensed irito field analyti<;:al . equ!.pmexi.t for in~e,u\ent of "stabilization ~eteci" such as"diss~lved oxygen, Plt conductivi:ty, redox. and tempera~, or analytes such as dissolved iron,. sulfiqe, etc. ne·MDEQ investigators·were able identify and _map the e>..'pies:;ion. of a groundwater plum.e venting info· Lake Michigan arid severa~ in,Iand lakes using 'this metho~ology and/or these techniques and S~UBA gear. Furthermore, the 1vit>EQ couples : its sampling with locatio~ i.Q.foroiatio~ ob~ed U.Sing sub-meter accuracy gl.?bal po~tionini.sYst~m (GPS) equipment Pl~~g the geochemical da~ onto an accurate GPS repres'entation of th~ sampliD.g .· . locations and predominant lOcal features produces a precise plume expression niap. GPS technology allows inyestigators to.reliably relocate previouS samp~~g locations for additio:Oaf study and accurately combilrelc·orilpare data 'from mlllhpie sampllng. events. · · . Irnagin~ the possibilities. 
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SEDiMENT SAMPLING APPROACH 
Historical processes: LOADING/UNLOADING (CAUSTIC, VBL, LIGNIN) 
Sediment analysis: INORGANICS, SEMIVOLJ\TILES, PESTICfDES/PCBs, CONVENTIONAL PARAMETER 
Sample depths: ROUND 1 : 0-0.5 FOOT Number of sediment samples: 7 

ROUND 2: 0-2 CM 
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This is a result of high detecrion limits caused !Jy matrb 
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Figure 4-18 
Groundwater Contours, Upper Aquifer Low Tide, 2/4/94 at ·Approximately 1745 




